The effects of hot water bath and steam pretreatments were investigated, considering color, anthocyanin profile and antioxidant activity of blueberry (Vaccinium ashei) juice. The juice maximum total phenolic content, anthocyanin, and antioxidant activity were observed using the steam pretreatment processing method. Eleven anthocyanins were isolated from the blueberry juice of steam treatment processing, while only 10 from the hot water bath and 8 from the control sample. After storage at 40°C for 10 days, the anthocyanin retention rate of the juice from steam treatment processing was higher than in that from hot water bath and control sample (30.71%, 23.77%, and 19.91%, respectively). The antioxidant capacity was also significantly higher and the hue angle (H°) was lower in the juice from steam pretreatment processing. Steam pretreatment process could prevent color deterioration, increase variety and content of anthocyanins, and improve antioxidant activity in the blueberry juice.
Introduction
Blueberry (genus Vaccinium, family Ericaceae) is a fruit native to North America, where it is widely cultivated and commercialized. Blueberry fruit with a dark-blue color is rich in health promoting compounds, including phenolic compounds such as anthocyanins, flavonoids, and tannins. [1, 2] Anthocyanins and other phenolic compounds in blueberries can protect organisms against oxidative stress induced by free radicals and exhibit a wide range of health-promoting effects. [3] [4] [5] To extend the fruit's commercial life, blueberries can be further processed into products such as jams and juices. Blueberry juice is increasingly promoted and consumed for its nutritional and health benefits. [6, 7] An attractive color is not only a main sensory characteristic of fruit products but also correlates with nutritional quality. Anthocyanin content is also an important indicator of nutritional value. However, anthocyanins are unstable and easily degraded. [8, 9] Generally, the processing of berry juices alters the juice color and the content of bioactive compounds. [10] Storage may further degrade anthocyanins and may affect antioxidant capacities in juice. [11] [12] [13] Previous studies showed that a blanching pretreatment process could remarkably change the anthocyanins and phenolic contents of fruits and vegetables. [14, 15] Blanching of fruits before making juice was effective in improving stability and recovery of bioactive phenolic compounds. [15, 16] Blanched fruits and vegetables also held their attractive color by inactivating oxidative enzymes, more so than non-blanched ones. [15, 17] In a previous study on blueberry juice processing, blanching pretreatment along the processing chain could improve extraction and stability of pigments. [18, 19] However, to date, there is no report on whether the varieties of monomeric anthocyanins and its storage stability could be increased by hot water bath and steam pretreatments processing.
In this work, blueberry fruits (Vaccinium ashei) were subjected to steam pretreatment processing, hot water bath pretreatment processing, or without thermal pretreatments before pressing into juice. The anthocyanin content and varieties, color, total phenolic content, and antioxidant capacities of the blueberry juices were analyzed; furthermore, storage stability of the juices was investigated. These results will elucidate the relationship between pretreatment method and bioactive compound content in the processing of the blueberry juice process.
Materials and methods

Plant material
Rabbiteye blueberry (Vaccinium ashei) cultivar 'Baldwin' was handpicked on July 5, 2015, from a commercial plantation located in Hefei (31°52ʹN, 117°17ʹE) in central eastern China. Fruits were of uniform size and at physiological maturity. Blueberries were collected and quickly frozen (T = −40°C; air speed = 4.5 m/s; bed height = 3.6 cm). All fruits were stored at −20°C.
Standards and chemicals
The cyanidin-3-glucoside (C3G) standard, 2, 2-diphenyl-1-picrylhydrazyl (DPPH), and 2, 4, 6-Tris (2-pyridyl)-1, 3, 5-triazine (TPTZ) were purchased from Sigma-Aldrich (St. Louis, MO, USA). The total antioxidant capacity (T-AOC) assay kit was purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Other general chemicals with analytical grade were obtained from local suppliers.
Juice processing and storage
Frozen blueberry fruits were thawed at room temperature. Fruit was subjected to different pretreatments process (steam, hot water bath, and control) for 0, 1, 2, 3, 4, 5, or 6 min and then cooled to room temperature. Steam pretreatment processing was performed with one layer in a food steamer at atmospheric pressure. Hot water bath pretreatment processing was performed in thermostat water bath cauldron at 95ºC. Berries were then crushed and treated with pectinase (Laffort, Sydney, Australia) at a concentration of 0.05 g/kg fruit for 2 h at room temperature. The mixture was pressed with 200 mesh silk cloth and centrifuged at 3100 × g for 15 min to obtain blueberry juice. A pasteurization step (85°C, 5 min) was provided at the end of the process. Accelerated storage experiments of juices from different pretreatments process were carried out at 40°C for 10 days. [20] Yields of blueberry juices were calculated according to the following equation:
Total phenolic content (TPC)
The TPC was measured according to Folin-Ciocalteu method. [21] The absorbance of the sample was determined at 765 nm. The results were presented as mg gallic acid equivalents (GAE) per one liter of juice (mg GAE/L).
Total anthocyanin content (TAC) and the retention rate of TAC
The pH differential method was used to estimate the TAC of the juices. [22] Aliquots of each sample were diluted with pH 1.0 or pH 4.5 buffers to the same dilution. The absorbance was measured at 510 nm and 700 nm. The TAC and retention rate of TAC (%) were respectively calculated using the following formulas:
Where A is the difference in absorbance between pH 1.0 and 4.5, MW is the molecular weight of cyanidin-3-glucoside (449 g/mol); DF is the dilution factor; Ve is the extract volume, ε is the molar extinction coefficient of cyanidin-3-glucoside (29, 600), and M is the mass of the blueberry extracted. Total anthocyanin content (TAC) was expressed as mg cyanidin-3-glucoside (C3G) equivalents per one liter of juice (mg C3G/L). Further, TAC t is the total anthocyanin content of storage for t day; TAC 0 is the total anthocyanin content of storage for 0 day. Retention rate of TAC (%) expresses the retention rate of total anthocyanin content.
Analysis of individual anthocyanins by UPLC
Anthocyanin profiles in blueberry juice were analyzed using an Acquity UPLC system (Waters, Milford, US).
The chromatographic system consisted of a pump, a Phenomenex C18 column (2.1 × 150 mm, 2.6 μm; FLM Scientific Instrument Co., Ltd., Guangzhou, China), and a Waters Tunable UV detector. The sample was filtered through 0.45 μm nylon membranes prior to UPLC analysis. The mobile phase consisted of an aqueous 6% formic acid (A) and acetonitrile containing 6% formic acid (B). The gradient elution program was as follows: 5-50% B (0-20 min), 50-5% B (20-22 min), and 5% B (22-25 min). The injection volume was 5 μL. The flow rate and column temperature were 0.3 mL/min and 30°C, respectively. Anthocyanins were analyzed by absorbance detection at 520 nm. All of the monomeric anthocyanins were quantified as C3G equivalents.
Anthocyanins identification by UPLC-DAD-ESI/MS
UPLC-DAD-ESI/MS was used to identify compounds extracted from control (without thermal pretreatment processing), hot water bath pretreatment processing and steam pretreatment processing juices. The chromatographic system consisted of an Acquity UPLC (Waters, Milford, US) equipped with a Diode Array Detector (DAD) and a Triple Quadrupole Mass Spectrometer. Samples were separated using a Phenomenex C18 column (2.1 × 150 mm, 2.6 μm; FLM Scientific Instrument Co., Ltd., Guangzhou, China). The column temperature was maintained at 30°C. The sample was filtered through 0.45 μm nylon membranes prior to UPLC analysis. The injection volume was 5 μL. The flow rate was 0.3 mL/min. The mobile phase consisted of an aqueous 0.2% formic acid (A) and acetonitrile containing 0.2% formic acid (B). The gradient program was as follows: 5-50% B (0-10 min), 50-5% B (10-11 min), and 5% B (11-14 min) . Equilibrium time between runs was 10 min. Anthocyanins were detected at 520 nm. The conditions of MS analysis were as follows: electrospray ionization (ESI) interface, nitrogen drying, nebulizing gas and nebulizer pressure at 35 psi, dry gas flowing at 10 mL/min, 350ºC dry gas temperature, capillary voltage at 2500 V, and spectra recording in the positive ion mode with scans from m/z 10 to 1000.
Antioxidant activity
Antioxidant capacity was measured in terms of free radical scavenging capacity (DPPH), ferric reducing antioxidant power (FRAP), total antioxidant activity (T-AOC) and oxygen radical absorbance capacity (ORAC). A modified DPPH assay and a FRAP assay (Zhang, Li, Gao, 2016) were conducted, and the former results expressed as DPPH (%) were assessed by using the method described previously the latter was expressed as mmol ferrous ions per liter of juice (mmol Fe 2+ /L). T-AOC was determined by kit and expressed as T-AOC units per milliliter juice (U/mL). [23] The ORAC assay was performed according to the previous methods, with a slight modification. Briefly, juices from different pretreatments were diluted to 1: 50, 1: 100, 1: 200 and 1: 400 dilutions, respectively, with 75 mM pH7.4 phosphate buffer solution (PBS). [24, 25] The 25 μL antioxidant (Trolox solution or diluted sample) was transferred to 96-well black polystyrene plate (Corning, America) containing 150μL 8.16 × 10 −5 mM fluorescein solution. The plate was shaken for 2 min and after that incubated for 10 min at 37°C. Subsequently, 25 μL 153 mM AAPH solution was added, and the fluorescence reduction reaction was instantly started. Fluorescence intensity was measured every 2 min by a microplate reader (Molecular Devices SpectraMax M2e, California, USA) with 485 nm excitation wavelength and 530 nm emission wavelength. The plate was vibrated for 10 min before each determination. The measurement time was within 140 min. Instead of antioxidant, PBS was added in AAPH+ group, and instead of antioxidant and APPH, PBS was carried out in APPH-group. Final ORAC values were expressed as μmol Trolox equivalents per milliliter of juice (μmol TE/mL).
Color measured
Color was measured with ColorQuest XE (Hunter Associates Laboratory Inc., Reston, VA, USA) (the 10°Standard Observer and Standard Illuminant D65). The parameters were lightness (L*), redness (a*) and yellowness (b*). The hue angle is expressed as:
Statistical analysis
Values were given as the means ± the standard deviation (SD) of triplicate experiments. Statistical analysis was performed with Prism™ v6.0 software. Means were further compared using Duncan's range, and the differences were regarded as significant when P < .05.
Results and discussion
Juice yield, TPC and TAC of blueberry juices
The effect of thermal pretreatments processing on juice yield, TPC and TAC of blueberry juice was shown in Figure 1 . The results showed that juice yields improved with an increase of the pretreatments time ( Figure 1A) . The juice yield of control juice (0 min) was 68%. It was observed that hot water bath treatment and steam treatment process could increase juice yields, and steam pretreatment processing juice had higher yields than hot water bath juice. The juice yield of steam treatment juice increased to 78% at 3 min, while hot water bath treatment juice increased to a maximum of 71% at 5 min. Juice yield is one of the most important aspects determining the profitability of juice productions. [26] It was reported that yields of five high-bush blueberry juices using steam blanching ranged from 68% to 72%. [18] The TPC and TAC from steam and hot water bath pretreatment processing juices were observed ( Figure 1B and C). Significant (P < .05) increases in TPC and TAC was observed when steam treatment time increased from 0 to 3 min but did not significantly change after 3 min. Steam treatment for 3 min resulted in TPC and TAC values of 1471.26 mg GAE/L and 588.87 mg C3G/L, respectively. Meanwhile, significant (P < .05) increases of TPC and TAC were observed when hot water bath time increased from 0 to 5 min, but they did not significantly increase at 5 or 6 min. Hot water bath for 5 min resulted in average TPC and TAC values of 1240.20 mg GAE/L and 317.07 mg C3G/L, respectively. Compared with hot water bath treatment, steam pretreatment process could improve anthocyanin and phenolic content in blueberry juice. Several reporters have shown that heat pretreatment processing increased the extraction of anthocyanins and other phenolic compounds and color density of fruits. [19, 27] And a positive correlation between blanching time and bioactive compound content has been confirmed. [28] Anthocyanins and phenols around blueberry are mainly distributed in the peel of fruits. The steam or hot water bath pretreatments processing could increase permeability of membranes in the peel tissue, which will facilitate the extraction of active components from the peel of blueberry; and subjecting to steam or hot water bath pretreatments process, the polyphenol oxidase (PPO) derived from blueberry fruits could be inactivated, which would bring helpful result of the reduction of enzyme-mediated anthocyanin degradation. [19, 29, 30] Researches have suggested that a reasonable blanching process can cause the inactivation of oxidative enzymes, and thus leading to high retention of total vitamin C of vegetable or frozen fruit. [31, 32] 
Monomeric anthocyanins profile and content in blueberry juices
The different monomeric anthocyanins profile of blueberry juices were given in Figure. S1 and Table 1 . Eleven and 10 monomeric anthocyanins were identified in steam pretreatment processing juice and hot water bath pretreatment processing juice, respectively, against 8 in control juice. Delphinidin-3-galactoside and peonidin-3-galactoside were found in hot water bath treatment juice, delphinidin-3-galactoside, cyanidin-3-galactoside, and peonidin-3-galactoside were discovered in steam treatment juice, while those monomeric anthocyanins were not found in control juice. There are five major classes of monomeric anthocyanins in blueberries, cyanidin glycosides (Cyd), delphinidin glycosides (Dpd), peonidin glycosides (Pnd), malvidin glycosides (Mvd) and petunidin glycosides (Ptd). Similar results have been reported in Prior et al. and You et al. [33, 34] The monomeric anthocyanin content of juices from different pretreatments was significantly different (Figure 2) . The results demonstrated that Pnd were the most abundant compounds in all of the samples, followed by Mvd and Dpd. The content of five major anthocyanin glycosides in steam pretreatment juice was higher than juice from hot water bath treatment and control sample. Anthocyanins are rich in the skin of blueberries. [35] The type and content of anthocyanins in fruit juices are influenced by fruit varieties and processing techniques. [18, 34, 36] Pan et al. concluded that delphinidin-3-glucoside, petunidin-3-glucoside, and malvidin-3-glucoside were major anthocyanins in blueberry juice. [37] Heat treatment increased permeability and the ability of anthocyanins diffusing into the liquid portion. [19] TAC and TAC retention rate of blueberry juices during storage TAC and TAC retention rate of juices from different fruit pretreatments during storage was shown in Figure 3 . The TAC of three samples decreased rapidly ( Figure 3A) . Declining rate was the fastest for control juice, followed by juice from hot water bath treatment and steam treatment juice. At 10 d of storage, the TAC was 24.96 mg C3G/L and 73.74 mg C3G/L for control juice and hot water bath treatment juice, respectively, against 181.09 mg C3G/L for steam treatment juice. The results showed that steam treatment processing juice maintained high TAC content during storage. Anthocyanins have low stability and easily degraded. The loss of TAC during storage might be attributed to comprehensive effects of pH, light, temperature, concentration, enzymes, and oxygen. [37, 38] Hellstrom et al. reported that the stability of anthocyanins was affected by type of anhocyanins, origin of the juice, especially storage temperture. [12] Effect of thermal pretreatments processing on TAC retention rate was predominant during storage ( Figure 3B ). The TAC retention rate of three juices decreased during storage. At 10 d, TAC retention rate was 23.77% for hot water bath treatment juice and 30.71% for steam treatment juice, as compared to 19.91% for control juice. Higher anthocyanin retention rate was observed in steam treatment juice than in control juice and hot water bath treatment juice. Skrede et al. revealed that the large loss of anthocyanins during blueberry juice processing was related to the action of native PPO. [39] It has been reported earlier that natural enzymes activity was inhibited after blanching, and the degradation of anthocyanins became slow. [8, 29, 40] TPC and antioxidant capacity of blueberry juices during storage
The TPC of all juices was significantly reduced during storage ( Figure 4A ). After storage for 10 d, the highest TAC was found in the juice from steam pretreatment processing berries (181.09 mg C3G/L), while TAC of juices were low in the hot water bath treatment and control samples (73.74 mg C3G/L and 24.96 mg C3G/L, respectively). Mendes Lopes et al. evaluated the stability 1  465  303  Delphinidin-3-galactoside  ND  D  D  2  465  303  Delphinidin-3-glucoside  D  D  D  3  449  287  Cyanidin-3-galactoside  ND  ND  D  4  449  287  Cyanidin-3-glucoside  D  D  D  5  479  317  Petunidin-3-galactoside  D  D  D  6  479  317  Petunidin-3-glucoside  D  D  D  7  463  301  Peonidin-3-galactoside  ND  D  D  8  463  301  Peonidin-3 of steam-extracted grape juice during storage and observed that steam extraction resulted in higher soluble phenol. [41] Figure 4B shows the antioxidant capacity of three juices over 10 d of storage. The DPPH was 37.16% and 51.81% for hot water bath treatment juice and steam treatment juice, while 23.38% for control juice. The FRAP of control and hot water bath treatment juice were 20.73 and 25.21 mmol Fe 2+ /L, against 30.81 mmol Fe 2+ /L for steam treatment juice. The T-AOC was 112.85, 131.35 and 165.88 U/mL for control juice, hot water bath treatment juice, and steam treatment juice, respectively. The ORAC was 10.74 μmol TE/mL for hot water bath treatment juice and 11.07 μmol TE/mL for steam treatment juice, as compared to 10.18 μmol TE/mL for control juice. Steam pretreatment processing juice showed higher antioxidant capacity than other two juices. The DPPH, FRAP, T-AOC, and ORAC of blueberry juice were significantly increased via steam treatment juice. Improvement of antioxidant capacity might be attributed to additional quenching of active oxygen species. [42] Steam blanching has been reported as an extraction method for improving antioxidant capacity in raw garlic and olive leaves. [43, 44] The antioxidant capacity of blueberry was related to its anthocyanin and total phenolic content. [29, 45] Color of blueberry juices during storage Color parameters of juices, i.e., Lightness (L*) and Hue (H°) during storage were reported in Table 2 . The L* and H°value are the indicators of darkening and browning, respectively. [46] The values of L* and H°were observed to decrease in juices after hot water bath treatment juice and steam treatment juice. The L* and H°values were low in steam pretreatment juice, reflecting the dark and red color after steam treatment processing. [37] The blanching of the stem before extrusion effectively prevented browning of fresh sugar cane juice at storage period. [47] Color appearance of juices varied significantly before and after storage ( Figure S3 ). The color of three blueberry juices showed different fading extents during storage. The visual color appearance of steam treatment processing juice changed slowly, which indicated that steam treatment juice had good color stability. In this work, the color of blueberry juices kept deteriorating during storage, which was a link with anthocyanin retention. Anthocyanins have low stability and easily be degraded by heat, oxygen, pH, light, non-covalent interactions, and covalent reactions with other compounds; between the monomeric anthocyanins or the anthocyanin, and the other flavonoids in the juice can polymerize to turn into polymeric anthocyanins and led to the color change of products. [37, 38, [48] [49] [50] Color deterioration was an important factor reflecting a quality defect in fruit products during the storage period. [51] The color of packaged juice determined the consumer's first impression directly, affecting the desire to purchase or consume the product. [52] Fang et al. reported that the blanching process was beneficial to color stability of bayberry juice and other anthocyanincontaining products. [53] Figure 4 . The total phenolic content (TPC) and antioxidant capacity in juices from control, hot water bath (5 min) and steam (3 min) blanching blueberries during storage. Different uppercase letters represent significant differences within one pretreatment group over storage time, and different lowercase letters represent significant differences between three pretreatment groups on the same day (P < .05). Error bar indicates mean value ± SD (n = 3). DPPH: free radical-scavenging capacity; FRAP: ferric reducing antioxidant power; T-AOC: total antioxidant capacity; ORAC: oxygen radical absorbance capacity.
Conclusion
Blueberry juice via steam pretreatment processing contained 11 anthocyanins, more than juice from hot water bath pretreatment processing (10 anthocyanins) or without thermal pretreatment processing (8 anthocyanins) blueberries. Blueberry juice from steam pretreatment process significantly increased the content of total anthocyanins and total phenols. During storage, better color quality, more anthocyanins, and stronger antioxidant activity were found in juices from steam treatment blueberries compare with hot water bath and control sample. Therefore, steam pretreatment process could significantly delay color deterioration, improved the quality characteristics and increased antioxidant activity of blueberry juices.
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